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A Nutriti nal Stxpplement For Lowering Serum Triglyceride and 

Cholesterol Levels 

Field of the Invention 

The invention relates to control cf cholesterol and 
5 triglyceride levels in mammals, particularly humans. 

Background of the Invention 

Serum cholesterol and serum triglyceride levels are 
important factors in the development of cardiovascular disease. 
In many clinical studies there is a positive correlation 

10 between plasma triglycerides and the incidence of 

cardiovascular disease [I] . Elevated plasma triglyceride level 
is frequently associated with other atherogenic factors 
including elevated low-density lipoprotein (LDL) -cholesterol, 
reduced high-density lipoprotein (HDL) -cholesterol , and small 

15 LDL particles [2, 3] . There is growing acceptance that 

triglycerides act in a synergistic fashion with these other 
lipid risk factors to increase the incidence of cardiovascular 
disease [4, 5] . Hypertriglyceridemia usually occurs because 
of insulin resistance, which leads to overproduction of very 

20 low-density lipoproteins (VLDL) by the liver [3] . Treatment 
involves lifestyle changes to decrease body weight and to 
increase physical activity, both of which improve insulin 
sensitivity. Drug therapy to lower triglycerides involves the 
use of fibrates or nicotinic acid [6] . 

25 A number of clinical studies convincingly establish 

plasma cholesterol and LDL-cholesteroi as independent risk 
factors for coronary heart disease [7] . Pharmacological 
agents, called statins, lower total plasma cholesterol by 
inhibiting the synthesis of cholesterol by the liver. The 
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statins reduce the morbidity and mortality rate from 
cardiovascular disease in high risk, hypercholesterolemia 
patients [8, 9], but also in persons who exhibit "average" 
cholesterol levels [10]. Another approach is to interfere with 
5 the intestinal absorption of cholesterol. Certain- phytosterois 
(plant sterols) such as stigmasterol and p-sitcsterol lower 
serum cholesterol act by inhibiting absorption of both dietary 
and biliary cholesterol from the small intestine [11] . 

With respect to the most appropriate form of 
10 phytosterois for lowering serum cholesterol, some reports 

indicate that free phytosterois reduce serum cholesterol in 
animals and humans [12, 13]. However, there is also evidence 
to indicate that a sterol esterified with a fatty acid may be 
more effective [14]. Trials show that phytosterol esters of 
15 plant fatty acids obtained from canola oil, when incorporated 
into food such as margarine or mayonnaise, lower total 
cholesterol and LDL-cholesterol levels by about 10 and 15 
percent, respectively [15, 16]. United States Patent No. 
5,502,045 (Miettinen et al., issued March 26, 1996) discloses 
20 the use of sitostanoi esters of canola oil to lower serum 

cholesterol. Benecoi™ (Raisio Benecol Ltd., Raisio, Finland), 
a margarine that contains such compounds, is now on the market. 

The mechanism by which phytosterois or phytosterol 
esters inhibit absorption of dietary cholesterol by the 

25 digestive tract is not fully understood but may involve 
competitive inhibition of cholesterol uptake from the 
intestinal lumen or inhibition of cholesterol esterif ication in 
the intestinal mucosa [12] . It is known that phytosterois 
themselves are only poorly absorbed. Vanhanen et al. [17] 

30 report that phytosterol esters may also be poorly absorbed by 
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the intestinal tract, based on postprandial measurements of 
P-Sitostanol in plasma. A direct measure of phytosterol ester 
uptake by the digestive tract has not been reported. 

When phytosterols are .esterified with fatty acids 
5 from plant sources such as canola, the long-chain 

polyunsaturated fatty acids (LCPUEAs) that are incorporated are 
predominantly of the omega-5 series. Qmega-6 fatty acids do 
not affect plasma triglycerides. Research to date on fatty 
acid esters of sterols has focused only on the efficacy of the 
10 sterol in lowering cholesterol. 

Summary of the Invention 

The present invention provides a nutritional 
supplement comprising a sterol and an omega-3 fatty acid, or an 
ester thereof, for lowering cholesterol and triglyceride levels 
15 in the bloodstream of a subject. 

The present invention also provides a method of 
lowering cholesterol and triglyceride levels in the bloodstream 
of a subject, the method including the step of administration 
of an effective amount of a nutritional supplement comprising a 
20 sterol and an omega-3 fatty acid, or an ester thereof, to a 
subject . 

The present invention also provides the use of the 
nutritional supplement defined herein for lowering cholesterol 
and triglyceride levels in the bloodstream of a subject. 

25 The subject is preferably a mammal, more preferably a 

human . 

The present invention further provides a foodstuff 

comDosition comDrising the nutritional supplement defined 

3 
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herein and a foodstuff, the nutritional value of the foodstuff 
being enhanced by incorporation of the nutritional supplement 
defined herein. 

The present invention further provides the use of the 
nutritional supplement defined herein in the manufacture of a 
foodstuff composition. 

The present invention further provides a process for 
preparing -he nutritional supplement as defined herein, which 
comprises the step of reacting a sterol with an omega-3 fatty 
acid, or an ester thereof, in the presence of a base. 

3ase catalysts were found to be successful in the 
transesterificaticn (or interesterification) process of the 
invention. Such a reaction- is advantageous given the 
availability of esterified omega-3 fatty acid starting 
15 material, for example from fish oil. In addition, acidic 
catalysts were found to be ineffective in the 
transesterification of interest. 

Sterols are nor very soluble in lipid, which 
comolicares their use in lipid-based foods. A mixture of a 

20 sterol and a free omega-3 fatty acid, which typically forms a 
paste at a molar ratio of 1:1, may be used. If a mixture is 
used, the omega-3 fatty acid can be a free acid or can be in 
ester form, preferably a succinimidyl , triglyceride, 
(C 3 -C 12 )cycioalkyl or (d-C.) alkyl ester, more preferably an 

25 ethyl ester. In the mixture, the molar ratio range of omega-3 
fatty acid, or an ester thereof, to sterol should be about 0.5 
to 8 , preferably 0.7 6 to 6.4, more preferably 1 to 2. 

Preferably, the sterol and the omega-3 fatty acid are 
together in the form of an ester. The sterol esters of the 

4 
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present invention are highly fat-soluble and represent a 
bifunctional species, since they lower both serum cholesterol 
and serum triglyceride levels in the bloodstream. 

Detailed Description of the Preferred Em bodiments 

The sterols used to prepare the nutritional 
supplement of the present invention are preferably 
phytosterols, and preferably have a 

perhydrocyclopentanophenanthrene ring system as shown below in 
the compound of formula I: 




(D 



wherein the dashed line is a single or double bond and R i 
(Ci-Cio)alkyl, substituted (d-C 10 ) aikyl, (C 2 -C 10 ) alkenyl or 
substituted (C 2 -Ci 0 ) alkenyl group. 

In the present application, the term "sterols" 
includes sterols in reduced form (stands), preferably 
p-sitostanol or fucostanol (reduced fucosterol) . 
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One or more sterols can be used to prepare the 
nutritional supplement. The term "phytosterols" includes 
sterols from terrestrial or marine plants, seaweed, rrvicroalgae, 
etc. Preferably, the sterol is stigmasterol, sitosterol, 
fucosterol, (3-sitosr.anol or fucostanol. 

Fucosterol is abundant in brown algae. Prior to 
esterification with the omega-3 fatty acid, fucosterol can be 
reduced to fucostanol. Preferably, the reduction is carried 
out using hydrogen gas in the presence of a suitable catalyst 
such as palladium on charcoal (Pd/C) , but other reduction 
processes that ultimately yield a food-quality ester, after 
purification if necessary, may be used. 

The nutritional supplement of the present invention 
comprises one or more omega-3 fatty acids, and is preferably an 
15 ester of an acid of the formula: 

0 

CH3 — CH2— CH=CH — R/— <^ — OH 
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20 wherein R 1 is a (C3-C40) alkenylene group comprising at least one 
double bond, more preferably 2 to 5 double bonds. More 
preferably, the omega-3 fatty acid is stearidonic acid 18:4a>3 
(SA), eiccsapentaenoic acid 20:5a>3 (EPA) or docosahexaenoic 
acid 22: 6a>3 (DHA) . 



25 




eicosapentaenok acid 
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Omega-3 fatty acids, such as EPA and DHA, are 
long-chain polyunsaturated fatty acids (LCPUrAs, that are 
aLndant in oily fish such as .uenhaden. sals.cn. tuna, and 
sardine, as well as in certain plants and microbes, such as 
particular fun g i and isicroalgae. The preferred source o 
lega-3 fatty acids for the present invention is rrsh orx. 
pTeferably a highly refined fish oil concentrate having 
sooroximately 65% o.ega-3 fatty acid content wnrch is 
predominantly EPA and DHA in. the for, of trrglycenoe est s. 
These triglycerides are preferably converted to lower alKyl 
esters, such as .ethyl, ethyl or propyl esters, 
^thods and used in an esterif ication with a sterol to for. 
Isters. which can be further purified if necessary, tor use as 
nutritional supplements . 

.he cardiovascular effects of dietary fish oils have 
,, ori ri8 191. omega- 3 fatty acids lower 
long been recognized [18, .9]. * inhibiting 

plasma triglyceride concentrations pr_ncxpa..y y 

synthesis of ^^^^Z^ ^ 

—as ( 2!, The benefits of 

■ « =r-o -illust-ated by the finding of the Diet 
fish oil consumption are illust-anea y 

. * ^ M T ^al (DART) which showed a reduction or 29% 

Infarction who consume, fish rich in o.ega-3 fatty adds at 
least twice weeKly [22, • Two recent studies penetrate the 
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efficacy of omega-3 fatty acid supplementation. In a 
randomized, double-blind, placebo-controlled trial patients 
with coronary artery disease who ingested a 1.5g/day fish oil 
supplement (55% EPA and DHA) for two years had less progression 
5 and more regression of their disease based on coronary 

angiograohv compared to patients ingesting the placebo [23] . 
in the GISSI- Prevenzione trial, omega-3 fatty acid supplements 
in patients who had myocardial infarction reduced 
cardiovascular death by 30% [24]. Although omega-3 fatty acids 
10 are anti-atherogenic, they do not lower plasma cholesterol and 
in some incidences may slightly increase LDL-cholesterol [25] . 
Safety and toxicoiogical studies spanning several years have 
shown that fish oils are safe to consume. Recently, fatty 
acids such as the omega-3 fatty acids from fish oil were 
15 granted GRAS (Generally Regarded As Safe) status in the United 
States, which permits their addition to foods low in long-chain 
polyunsaturated fatty acids. The typical North American dxet 
contains about 0.15 grams omega-3 fatty acids whereas Inuit may 
ingest uo to 10 grams of omega-3 fatty acids daily. A daily 
20 intake of 2 to 3 grams of omega-3 fatty acids has consistently 
been shown to lower plasma triglycerides [18]. Therefore, a 
suitable daily intake of omega-3 fatty acid in the present 
invention is about 0.1 to about 10 grams, preferably about 2 to 
about 3 grams, but clearly greater amounts can be tolerated, 
25 and may be beneficial. 

Phytosterols are considered safe for human 
consumption. A typical daily intake in North America is about 
100 to 300 milligrams. However, a dose of greater than 3 grams 
of the phvtosterol esters are required to have significant 
30 impact on plasma cholesterol levels [13] . Such doses are safe 
with no known side effects. In the present invention, a 
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preferred daily intake of phytosterol is about 2 to about 3 
grams • 

Phytosterol esters prepared using fish oil as the 
source of omega-3 fatty acids contain a significant amount of 

5 EPA and DHA. Such esters can simultaneously reduce serum 

• cholesterol and serum triglyceride levels. The triglyceride- 
lowering ability of the omega-3 fatty acid component of the 
ester is deoendent on its entry into the circulatory system, 
lipid esterase in the intestinal lumen may be responsible for 

10 Please of the omega-3 fatty acid from the phytosterol, whicn 
would make both species available for uptake into tne 
circulatory system. There is a non-specific lipid esterase, 
secreted into the intestinal lumen during digestion that is 
active against a variety of molecular species including 

15 cholesterol esters, monoglycerides, and esters of vitamin A 
[26] . 

At least one edible additive, such as listed below, 
can be included for consumption with the nutritional supplement 
of the invention and may have, for example, antioxidant, 

20 disoersant, antimicrobial, or solubilizing properties. A 

suitable antioxidant is, for example, vitamin C, vitamin E or 
rosemary extract. A suitable dispersant is, for example, 
lecithin, an alkyl polyglycoside, polysorbate 80 or sodium 
lauryl sulfate. A suitable antimicrobial is, for example, 

25 sodium sulfite or sodium benzoate. A suitable solubilizing 
agent is, for example, a vegetable oil such as sunflower oil, 
coconut oil, and the like, or mono-, di- or tri-giycerides . 

Additives include vitamins such as vitamin A 
(retinol, retinyl paimitate or retinol acetate), vitamin 31 
30 (thiamin, thiamin hydrochloride or thiamin mononitrate) , 

10 
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vitamin 52 (riboflavin) , vitamin 33 (niacin, nicotinic acid or 
niacinamide) , vitamin 35 (pantothenic acid, calcium 
pantothenate, d-panthenol or d-caicium pantothenate), vitamin 
B6 (pyridoxins, pyridoxal, pyridcxamine or pyridcxine 
bvdrochioride) , vitamin B12 (cobaiamin or cyanocobaiamin) , 
fine acid, folate, folacin, vitamin H (biotin) , vitamin C 
(ascorbic acid, sodium ascorbate, calcium ascorbate or ascorbyl 
oalmitate), vitamin D (cholecaicif eroi, calciferol or 
e-gocaiciferol) , vitamin E (d-al?ha-tocc?hercl, d-beta- 
tocopheroi, d-gamma- tocopherol, d-deita-tccophercl or d-alpha- 
tocopheryl acetate) and vitamin K (phyilocuinone or 
phytonadione) . 

Other additives include minerals such as boron 
(sodium tetraborate decahydrate) , calcium (calcium carbonate, 

, 17n ca' c-um Gluconate, calcium 
calcium casemate, caicium c^~ « — , -a - 

lactate, calcium phosphate, dibasic calcium phosphate or 
«-^baa«c caicium ohosphate) , chromium (C-T? chromium from yeast, 
chromium acetate, chromium chloride, chromium trichloride and 
ch-omium cicolinate) copper (copper gluconate or copper 
sulfate), fluorine (fluoride and calcic fluoride), iodine 
(ootassium iodide) , iron (ferrous fumarate, ferrous gluconate 
or -errous sulfate), magnesium (magnesium carbonate, magnesium 
cluconate, magnesium hydroxide or magnesia oxide), manganese 
(manganese gluconate and manganese sulfate), molybdenum (sodium 
molvbdate), phosphorus (dibasic calcium phosphate, sodium 
phosohate) , ootassium (potassium aspartate, potassium citrate, 
potassium chloride or potassium gluconate), selenium (sodium 
syenite or selenium from yeast), silicon (sodium 
metasiiicate) , sodium (sodium chloride) , strontium, vanadium 
(vanadium sulfate) and zinc (zinc acetate, zinc citrate, zinc 
gluconate or zinc sulfate) . 

11 
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Othe- additives include amino acids, peptides, and 
related molecules such as alanine, arginine, asparagine, 
asoartic acid, carnitine, citrulline, cysteine,, cystine 
dimethylalycine, gamma-aminobutyric acid, glutamic acid, 
famine, glutathione, glycine, histidine, isoleucine, 
tlZ -ine, methionine, ornithine, phenylalanine, proline, 
leucine, -/s- ^, OBhan tyrosine and valine, 

serine, taurine, threonine, tryptophan, -yr 

Othe^- additives include animal extracts such as cod 

•i marine lipids, shark cartilage, oyster shell, bee 
liver oil, marine x-f-"^' 

pollen and d-glucosamine sulfate - 

Other additives include unsaturated free fatty acids 
SU ch as ,-linoleic, arachidonic and a-linolenic acid which may 
be in an ester (e.g. e.hyi ester or triglyceride) .orm. 

Other additives include herbs and plant extracts such 
as ke^p, oectin, Spirulina, fiber, lecithin, wheat germ oil, 
safflower" seed oil, flax seed, evening P*~'£^' 
blackcurrant oumpkin seed oil, grape extract grape seed 
blackcu^an . extract, French maritime pine 

extract, bark extract, pme bark ex..ac 

ba^k extract, muira puama extract, fenne, seed extract, dong 

barK ext.ciw-, ... alfa saw palmetto 

ouai ex— act, chaste tree berry extract, al.a-.a. sa P 

Z y 9 reen tea extracts. an S elica, 

com/rey. ,arUc, ,in 5 e t , 9 insen g , goldenseal, 

licorice, ciive oil. parsley, peppermint, rosemary extrac. 

valerian, white willow, yellow dock and yerba mate. 

Other additives include enzymes such as amylase, 
protease, lioase and papain as well as miscellaneous substances 
P s ;= h as lena^uinone. choline (choline bitartrate, inositol, 
carotenoids (beta-carotene, alpha-carotene. ^ 
c^yptoxanthin or lutein, . para-aminobenrorc acrd, be.arne HC_. 



12 
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free omega-3 fatty acids and their esters, thiotic acid (alpha- 
lipoic acid), 1, 2-dithiolane-3-pentanoic acid, 1, 2-dithiolane- 
3-valeric acid, alkyl polyglycosides, polysorbate 80, sodium 
lauryl sulfate, flavanoids, fiavanones, flavones, flavonols, 
isoflavones, proanthocyanidins, oligomeric proanthocyanidins, 
vitamin A aldehyde, a mixture of the components of vitamin A 2 , 
the D Vitamins (D x , D 2 , D 3 and D 4 ) which can be treated as a 
mixture, ascorbyl palmitate and vitamin K2 . 

The nutritional supplement of the invention is 
typically a viscous oil and can be added to a foodstuff 
composition during processing of the foodstuff. Such a 
foodstuff composition is often referred to as a functional 
food, and can be any food that will tolerate the 
physicochemicai properties of the nutritional supplement, for 
example, margarine, cooking oil, shortening or mayonnaise. It 
can also be packaged for consumption in softgei, capsule, 
tablet or liquid form. It can be supplied in edible 
polysaccharide gums, for example carrageenan, locust bean gum, 
guar, tragacanth, cellulose and carboxymethyicellulose . 

The nutritional supplement can aisc be 
microencapsulated. Microencapsulation can be carried out, for 
example, using a gelatin such as bovine gelatin in a 
co-extrusion process, prior to processing into a foodstuff 
composition, for example baked goods, candy, margarines and 
spreads, ice cream, yogurts, frozen desserts, cake mixes and 
pudding mixes. The packaging of the nutritional supplement 
should preferably provide physical protection from such effects 
as pK, oarticuiarly basic conditions, oxidation and degradation 
by light. This latter effect can be minimized for example by 
changing the mesh size of the microencapsulation or inclusion 

13 
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of a suitable dye. .The nutritional supplement can also be 
stored in a light-opaque container to minimize 
photodegradation - 

The example below describes synthesis of en esrer of 
th e invention. The ester linxage oan be forced according to 
ta own methods, such as by esterif ication of free ratty acrds by 
sterols or stands under acid catalysis (OS Patent No. 
5.892.068= Higgins III. issued April 6, 1989,. Preferably, 
however, a base is used as a catalyst to promote 
.-ansesterification. More preferably, the base is a metal 
(C^.lalkoxide, ever, more preferably sodium methoxide or 
epoxide. conveniently, the reactants are heateo to a 
temperature of about 100'C to about 200'C with stirring, 
p-.*erably under reduced pressure, for about 30 minutes to 
about 4 hours. The base is then added and the mixture 
conveniently stirred at a temperature of about 100'C to about 
200'C under reduced pressure for about 30 minutes to about 
hours. Alternatively, the starting ester is heated to a 
temperature of about 100'C to about 200'C with stirring, 
„-e<— ably under reduced pressure, for about 30 minutes to 
about" 4 hours. The base dispersed in the phytosterol is then 
added and the mixture conveniently stirred at a temperature of 
about 100'C to about 200'C under reduced pressure ,=r about 30 
minutes to about 36 hours. The ester that is formed can oe 
further purified if necessary for use as a nutritional 
supplement - 

The further ourification is preferably carried out by 
precipitation and extraction, preferably sequentially, using 
two inmascible solvents. Onreected sterol is precipitated by 
0 addition of a suitable non-polar solvent and filtered orz 

suitable non-polar solvent can be an aliphatic liquid such as 

1 A 
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liquid alkane, preferably pentane, hexane, heptane, octane, 
isooctane or dodesane, more preferably hexane. Corresponding 
fluoroalkanes can also be used. The non-polar solvent can also 
be an aromatic solvent such as benzene or toluene, or an other 
5 solvent of similar polarity such as carbon tetrachloride or 
methyl-tert-butyl ether. 

The filtrate is then extracted by a suitable 
extraction solvent to remove unreacted omega-3 fatty acid- 
containing material. The extraction solvent is preferably a 
10 polar solvent such as methanol, ethanol or ethylene glycol 

dimethyl ether (monoglyme) , more preferably methanol. Certain 
dipolar aprotic solvents, such as N,N-dimethyl formamide (DMF) 
or dimethylsulfoxide (DMSO) , can also be used. 

Example 1 

15 Synthesis of Stigmasterol/Omega-3 Fatty Acid Esters. 

(A) A mixture of dry stigmasterol (3 g, 7.27 mmol) 
and a highly concentrated mixture of EPA and DHA omega-3 fatty 
acids in ethyl ester form (EPAX™ 5500, ProNova; 4 . 3 g, 12.6 
mmol) were heated while being stirred magnetically at 140 to 

20 14 5°C for 2 hours under vacuum (5 mm) . Subsequently the vacuum 
was disconnected and powdered sodium methoxide (40 mg, 0.75 
mmol) was added quickly in one portion. The vacuum was 
connected immediately and the mixture was stirred at 140 to 
145°C for an additional 4 hours. Hexane (25 mL) was added to 

25 precioitate the residual stigmasterol and the mixture was 

centrifuged for 5 minutes at 15,000 g (0°C) . the supernatant was 
removed and the pellet was washed again with 5 mL of hexane. 
The remaining precipitate was centrifuged off and the 
supernatant s combined. The organic phase was washed with water 

15 
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i^^^c 3 nH *-*^@ solvent removed under 
(5 mL), dried over sodxum sulra.e and 

reduced pressure. TLC (hexane/diethylether/acet.c acid (90.10. 
1)f R f 0.71. The yield was 5.9 g (85%). The ester product was a 
viscous oil. 

When the experiment was repeated using freshly made 
sodium ethoxide, almost the same level of conversion was 
obtained as with sodium methoxide. However, this was not seen 
wirh conm>er=ially available sodium ethoxide, which performed 
more poorly than sodium methoxide. 

synthesis of stigmasterol/Omega-3 Fatty Acid Esters 

EPA and DHA 
(B) A highlv concentrated m_x-~-e °- — « 

omega-3 fatty acids in ethyl ester form. (EPAX™ 5500 EE 
BioNova; 221 g. 649 mmol) was heated while being stirred 
magnetically at 140 to 145°C for 2 hours under vacuum U mm) 
15 well dispersed mixture of dry stigmasterol ,268g, 649 mmol) 
and sodium methoxide (40 mg, 0.75 mmol, was added portionw.se 
within 1 hour and the mixture was stirred at 170 to 175°C for an 
additional 21 hours. The reaction mixture was liberated from 
unreacted material either by column chromatography (2% 
20 diethylether in hexane on silicagel) or by a sequential 
extraction using two immissibie solvents. The unreacted 
stigmasterol was precipitated upon addition of hexane and the 
solution -as then filtered. The filtrate was extracted wrth 
methanol to remove unreacted starting oil material. TLC 
(hexane/diethylether/acetic acid (90=10: 1) gave an R ( equa. „= 
0.71. The yield was 434 g (70 %) . The ester product was a 
viscous oil- 

When the experiment was repealed using freshly made 

, „_ „ne i eve *• of conversion was 

sodium epoxide, almosz the same _e t~ 

16 
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obtained as with sodium methoxide. However, this was not seen 
with commercially available sodium ethoxide, which performed 
more poorly than sodium methoxide. 

The procedure works also from a concentrated mixture 

TM 

5 of EPA and DHA omeca-3 fatty acids in triglyceride form (EFAX 
5500 TG, BioNova ) with a similar yield of final producr . 

Example 2 

The effect of a phytosterol-f ish oil ester-containing diet on 
plasma lipid levels in guinea pigs. 

10 Guinea pigs were chosen for this project, as their 

blood lipid profiles and responses to dietary manipulation more 
closely resemble those of humans than do more commonly used 
laboratory rodents. Two groups of eight guinea pigs each were 
fed a standard, non-purified guinea pig chow (Prolab guinea pig 

15 5P18, PMI Nutrition International, Inc., Brentwood, MO). 

Baseline values for blood lipids were determined and then the 
animals were placed on a control diet (Group 1) or a 
phytosterol-f ish oil ester-containing diet (Group 2) . 

Phytoszerol-fish oil esters were prepared as 
20 described in Example 1 and mixed 5:1 with corn oil. This was 
incorporated into crushed chow to give a concentration of 
phytosterol-fish oil esters of 2.5% (w/w) . Control diet was 
prepared using an equivalent amount of corn oil. Both control 
and test diets were supplemented with 0.08% cholesterol. The 
25 chow was re-pelleted using a Hobart extruder. Food was stored 
in sealed plastic bags with nitrogen purging at -20 °C in the 
dark. Fresh food was prepared each week. 
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Blood samples were collected from each animal after 2. 
and 4 weeks for determination of plasma lipids (total 
cholesterol, HDL-cholesterol, non-HDL-cholesterol, and 
triacylglycerols) . 

5 Guinea pigs fed phytosterol-f ish oil esters (2.5% 

g/100 gram diet) had significantly lower levels of plasma total 
cholesterol and triacylglycerol compared to control fed animals 
aftOT . 4 wee ks of feeding (Table 1) - At this time, plasma 
cholesterol and triacylglycerol* were 36% and 29% lower in the 

10 treatment group. A statistically significant effect of 

phyrosterol-fish oil esters on cholesterol was also evident 
after 2 weeks where the reduction was 30% compared to the 
control value. The changes in cholesterol level could be 
completely explained by changes in the amount of non-high 

^5 density lipoprotein (HDL) -cholesterol (Table 2). Non— HDL 

cholesterol was 30% and 38% lower in the phytosterol-f ish oil 
esrer-fed group at 2 and 4 weeks, respectively, whereas there 
were no differences in HDL-cholesterol. 

These results illustrate the ability of dietary 
20 ohytosterol-fish oil esters to reduce the levels of plasma 
cholesterol and triacylglycerol. It is also shown that 
phytosterol-f ish oil esters lower non-HDL cholesterol ( "bad 
'cholesterol") but do not affect the level of HDL ("good 
cholesterol") ■ 

25 Table 1. 

The effect of a phytosterol/f ish oil esters containing diet on 
plasma total cholesterol and triacylglycerol levels in guinea 
pigs 
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j Total 


Choies zerol 


Triacylglycerol 


Group 1 


Week 


2 


1.72 


± 0.38 


0.92 ± 0.26 


Week 


4 


2.05 


± 0.20 


0.87 ± 0.16 


Group 2 


Week 


2 


1.22 


± 0.10 * 


0.77 ± 0.22 


Week 


4 


1.32 


i 0.20 ' 


0.62 ± 0.13 * 



Results are mean ± S.D. of 8 guinea pigs per group. The 
baseline values for plasma total cholesterol and 



triacylglycerol were 1.28 ± 0.12 (mM) and 0.65 ± 0.11 (mM) 
respectively . 

5 'Significantly lower than the corresponding value for Group 1 (p 
< 0.05; Bonf erroni 1 s Multiple Comparison Test). 

Table 2. 



The effect of a phytosterol/f ish oil esters containing diet on 
lipoprotein metabolism in guinea pigs 





HDL Cholesterol 


non-HDL Cholesterol 


Group 1 


Week 2 


0.14 ± 0.03 


1.58 ± 0.4 


Week 4 


0.16 ± 0.06 


1.90 ± 0.2 


Group 2 


Week 2 


0.11 ± 0.04 


1.11 i 0.14 * 


Week 4 


0.16 ± 0.03 


1.17 ± 0.23 


Results 


are mean ± 


S.D. of 8 guinea 


pigs per group. The 


baseline 


values fo 


r HDL cholesterol 


and non-HDL cholesterol 



were 0.16 ± 0.07 (mM) and 1.14 ± 0.16 (mM) respectively. 

'Significantly lower than the corresponding value for Group 1 (P 
< 0.05; 3onferroni's Multiple Comparison Test). 
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Example 3. 

The effecr of a phytosterol-f ish oil ester-containing diet on 
plasma lipid levels in an obese rat model 



5 containing diet to lower plasma triacyiglyceroi and cholesterol 
was studied in the JCR:La-cp (corpulent) rat, a genetic model 
of obesity (O'Brien and Russell, 1997). Animals of this srrain, 
if homozygous for the autosomal recessive cp gene {cp/cp) r are 
obese, insulin resistant, hyperinsulinemic, and highly 

10 hypertriglyceridemia . In addition the obese animals exhibit 
poor vascular responsiveness and develop ischemic lesions of 
the myocardium with age. Rats that are homozygous normal or 
heterozygous (-/?), are lean and metabolically normal. The 
effect of phytosteroi-fish oil ester feeding was determined 

15 using obese (cp/cp) rats at 8 weeks of age, when the rats are 
clearly obese and fully insulin resistant. Lean litermates 
(+/?) of the obese animals were included in the study as 
benchmark for comparison. Obese animals were fed one of four 
diets: a control diet containing no added oil (Group 1); a 

20 control diet containing 2.6 g/kg canola (Group 2); or diets 

containing 0.5 or 2.6 g/kg phytosteroi-fish oil ester (Group 3 
and Group 4, respectively). The lean animals (Group 5) received 
the control without canola. The various test diets were fed for 
four weeks. 

25 Preparation of the diets using standard rat chow 

(Rodent Diet 5001, PMI Nutrition International, St Louis, Mo) 
was essentially the same as described in Example 2. 
Phytosterol-f ish oil ester was mixed with canola oil (5:1) and 
the oil mixture was added to the powered diet at a 

30 concentration of 0.5 g/kg or 2 . 6 g phytosterol ester/kg diet, 



The efficacy of a phytosterol-fish oil ester 
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which was then pelleted. Control diets contained no adored oil 
or 2.6 g/kg canola oil. Food was stored in sealed plastic bags 
with nitrogen purging and maintained at 4°C. Fresh food was 
prepared each week. 

5 Blood samples were collected from each animal at the 

star- and after 4 weeks for determination of plasma lipids 
(total cholesterol, cholesterol esters, phospholipids, and 
triacylglycerols) . 

Obese JCR-La rats exhibit marked hypertriglyceridemia 

10 and elevated plasma cholesterol levels compared to their lean 
littermates (Group 1 or 2 versus Group 5; Table 3) . There was a 
concentration-dependent effect of dietary phytosterol-fish oil 
esters on plasma lipid concentrations. The lower dose of 0.5 g 
phytosterol-fish oil ester/kg food had no impact on lipid 

15 parameters in animals fed for 4 weeks (Group 3 versus Group 2 
at 12 weeks; Table 3). However 2.6 g phytosterol-fish oil ester 
/kg food reduced triacylglyerol level from control levels by 
51% (1.26 mM versus 2.59 mM in the control). Although this is a 
marked reduction, the animals are still strongly 

20 hypertrigiyceridemic (Group 4 versus Group 5) . There was also a 
modest reduction of cholesterol levels in animals fed the high 
dose of phytosterol-fish oil ester (13% reduction in total 
cholesterol; 17% reduction in cholesterol esters) . There was a 
tendency for phospholipid values to be reduced in phytosterol- 

25 fish oil ester-fed animals but this did not reach statistical 
significance . 

The results show that phytosterol-fish oil esters 
decrease plasma triacylglyerol and cholesterol in obese JCR-La 
rats and that this occurs in a dose-dependent manner. The 
30 reduction in triacyigiycerol and cholesterol esters is 
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consistent with a substantial reduction in very low density 
lipoprotein (VLDL) particles through a decreased rate of VLDL 
production by the liver. These improvements in lipid profile 
might also be expected to have a beneficial effect on the 
insulin-resistant state of these animals. 
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